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Low vascular endothelial growth factor and interleukin-8 
in cerebrospinal fluid of suicide attempters 

J Isung 1 , S Aeinehband 1 , F Mobarrez 2 , B Martensson 1 , P Nordstrom 1 , M Asberg 2 , F Piehl 1 and J Jokinen 1 

A dysregulated immune system influencing pathways for cytokine regulation and growth factor expression is implicated in the 
pathophysiology of several neuropsychiatric disorders. Here, we analyzed cerebrospinal fluid (CSF) cytokines and growth factors 
with an ultra-sensitive immunoassay system in 43 medication-free suicide attempters and 20 healthy male volunteers. CSF vascular 
endothelial growth factor (VEGF) and CSF interleukin-8 (IL-8) levels were significantly lower in suicide attempters compared with 
healthy controls. Further, CSF VEGF showed a significant negative correlation with depression severity. CSF IL-6 levels did not 
differ between suicide attempters and healthy controls. Low CSF levels of VEGF may represent a lack of trophic support to neurons 
and downregulation of neurogenesis in the hippocampus reflecting more severe depressive states. IL-8 has also been reported as 
important in neuroprotection as well as having chemokine activity in the innate immune response. The results support a role for an 
impaired innate immunity and dysregulation of neuroprotection in the pathophysiology of depression and suicidal behavior. 
Translations! Psychiatry (2012) 2, e196; doi:10.1038/tp.2012.123; published online 20 November 2012 



Introduction 

The neurotrophic and neurogenesis hypothesis postulates 
that growth factor disturbances are important in the pathogen- 
esis of neuropsychiatric disorders such as depression. A 
dysregulated immune system influencing cytokine regulation 
and growth factor expression as well as metabolic pathways 
controlling monoamine regulation is implicated in the patho- 
physiology of several neuropsychiatric disorders. 1 ,2 There are 
several studies reporting differentiated levels of cytokines and 
growth factors in regards to depression and suicide-related 
behavior, even though results are conflicting, reflecting the 
complexity and probable heterogeneity of the disorders. 3-7 
Although there are several long-term follow-up studies of 
dysregulation of hypothalamic-pituitary-adrenal axis and 
suicide risk, very few studies have focused on growth factors 
and proinflammatory cytokines in the cerebrospinal fluid 
(CSF). 8 There is an urgent need for reliable biomarkers in 
relation to suicide risk both for more accurate prediction as 
well as for new therapeutic opportunities. 

In this study, we analyzed CSF cytokines and vascular 
endothelial growth factor-A (VEGF) with a sensitive immu- 
noassay system in medication-free suicide attempters and 
healthy volunteers. We hypothesized that growth factor 
levels, as well as proinflammatory cytokines would differenti- 
ate in the CSF of patients with a recent suicide attempt, as 
compared with healthy controls. 

Materials and methods 

Subjects. A total of 43 suicide attempters (15 men, mean 
age 45 years, s.d. = 12.8, range 22-69 years and 28 women, 



mean age 36 years, s.d. = 12.7, range 18-68 years) admitted 
to the psychiatric wards at the Karolinska University Hospital 
were recruited to the present study. Inclusion criteria were a 
recent suicide attempt (within 1 month), fair capacity to 
communicate verbally and in writing in the Swedish language 
and the age of 18 years or older. Exclusion criteria were 
schizophrenia spectrum psychosis, dementia, mental retar- 
dation and intravenous drug abuse. 

Suicide attempt was defined as any nonfatal, self-injurious 
behavior with intent to die. Patients did not receive any 
antidepressant or antipsychotic medication during a washout 
period of mean 21 days (s.d. = 1 3.6) after the suicide attempt. 
Seven of patients (16%) had been treated with antidepres- 
sants before the suicide attempt; the mean washout time for 
these patients was 34 days (s.d. = 14.1 ; range 26-62 days). 

A trained psychiatrist interviewed the participants, using the 
Structured Clinical Interview for DSM (Diagnostic and 
Statistical Manual of Mental Disorders) Axis I disorders 
(SCID I) research version interview to establish diagnosis 
according to DSM— III. Axis II diagnoses were established with 
SCID II interview. In all, 95% of participants had at least one 
current Axis I psychiatric diagnosis; 79% of patients fulfilled 
criteria for mood disorders (unipolar, major depressive 
disorder, single episode or recurrent, bipolar disorder, 
depressed or dysthymic disorder), 7% for adjustment disorder 
and 5% for anxiety disorders, 1 patient had a substance- 
related disorder and 1 an unspecified psychiatric disorder (not 
psychotic). Overall, 20% of the patients had a co-morbid 
substance-related disorder (mostly alcohol dependence). 
Among Axis II diagnoses, 37% of the patients fulfilled criteria 
for a personality disorder. Concerning somatic diagnoses, two 
patients had cardiovascular disease, three patients diabetes, 
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one patient Mb Crohn, one patient celiac disease and four 
patients suffered from chronic pain not otherwise specified. 

Depression severity was rated using the Montgomery 
Asberg Depression Rating Scale (MADRS). 9 

A total of 20 healthy male volunteers (mean age 29 
years, s.d. = 5.0, range 22-41) were recruited and 
screened with a SCID interview performed by a trained 
psychiatrist to exclude previous or current psychiatric pro- 
blems or medical conditions. Healthy volunteers were 
screened for absence of psychiatric illness in the first-degree 
relatives. The volunteers had to be medication-free 
(had never taken psychiatric medication or even anti- 
inflammatory medication during the last month) and free from 
any form of substance abuse. 

The study was approved by the Research Ethical Commit- 
tees at the Karolinska Institutet, Sweden. 

Lumbar puncture procedure. Lumbar punctures were 
performed at the end of the washout period in a standardized 
manner between 0800 and 0900 hours after fasting in bed 
since midnight. A volume of 12 ml of CSF was withdrawn 
with the patient in the sitting position, the needle being 
inserted between lumbar vertebrae IV and V. The CSF 
was immediately centrifuged and stored at -80°C until 
analyzed. The aliquoted CSF samples had never been 
thawed before cytokine analysis in November 201 1 . 

Blood sampling procedures. Blood samples were col- 
lected in conjunction to the suicide attempt, between 
0730 and 0800 hours after a night of fasting and bed rest. 
Blood samples were collected from all seasons throughout 
the year between 1993 and 1998. The same conditions 
applied to all the samples. The blood was centrifuged within 
5min in room temperature (1 000 g for 10min). Plasma was 
collected and stored at - 80 °C until cytokine measurements. 
Samples had never been thawed before the cytokine 
analysis in 2010. 

Cytokine analysis in CSF 

Vascular endothelial growth factor. Samples were run on 
two MSD Human VEGF 96-well plates (K151BMC-1; 
Gaithersburg, MD, USA) and the results were pooled. Assay 
calibrator was diluted according to the manufacturer's 
recommendation with exception for the standard curve 
starting at 1 000 pg u»l — 1 . Each well was blocked with 150|.il 
Blocker C (provided) for 2 h in room temperature on an orbital 
shaker (400 r.p.m.). The plates were washed three times with 
1 50 |il per well phosphate-buffered saline + 0.05% Tween-20 
(PBS-T). Diluent 7 (provided) was added at 25 (.il per well. 
Calibrator, samples and controls were added at 25|_il per 
well. The plate was sealed and incubated overnight at 4°C 
on an orbital shaker (400 r.p.m.). At the end of the incubation, 
the wells were washed three times with PBS-T. After the last 
wash, detection antibody was added at 25|.il per well. The 
plate was sealed and incubated in dark for 2h at room 
temperature on an orbital shaker (400 r.p.m.). At the end of 
the incubation, the plate was washed three times as before. 
A volume of 150 \i\ of the MSD 1 x Read Buffer T was added 
to each well and the plate was measured immediately on the 
MSD Sector Imager 2400 plate reader. 



lnterleukin-6 (IL-6) and lnterleukin-8 (IL-8). Samples were 
run on two MSD Human Pro-inflammatory-4 II Ultra-Sensitive 
96-well plates (K15025C-1). The samples were run accord- 
ing to the manufacturer's recommendation with the following 
exceptions: standard points starting at 1 000 pg fxl ~ 1 . Cali- 
brator, samples and controls were incubated overnight at 4°C. 

Cytokine analysis in plasma. VEGF, IL-6 and IL-8 were 
analyzed with a high-throughput automated biochip immu- 
noassay system, EvidenceH, Randox Laboratories (Crumlin, 
UK), see previous study for methods. 10 

Statistical analysis. One patient was identified as being 
clearly both a univariate outlier (3.5 s.d. above the mean of the 
patients) and a multivariate outlier calculated using Mahalano- 
bis distance. 11 Although not affecting the statistical significance 
of the results, the patient was excluded in all statistical 
analyses. Both CSF VEGF and IL-8 levels were normally 
distributed, whereas CSF IL-6 was not normally distributed. 
The potential effect of the confounding factors was tested in 
linear regression models. The model consisted of age, gender, 
body mass index, a co-morbid diagnosis of personality disorder 
and abuse. Only age was a significant predictor of CSF VEGF 
levels in the model (f=2.14, P=0.04), other P-values ranged 
between 0.25-0.82. The group comparisons were adjusted for 
age using linear regression. 

Concerning plasma levels of VEGF and IL-8, one patient 
was identified as being both a univariate outlier (6 s.d. above 
the mean of the patients) and a multivariate outlier calculated 
using Mahalanobis distance. This patient was excluded from 
the correlation analysis between CSF and plasma levels of 
VEGF and IL-8. Tests of parametric correlations were 
performed using Pearson's r. Tests of nonparametric correla- 
tions were performed using Spearman's rho. 

Alpha was set at 0.05. The Statistical Package JMP VI 
software, SAS Institute, Cary, NC, USA was used for all 
statistical analyses. 



Results 

CSF VEGF and IL-8 levels were significantly lower in 
suicide attempters (VEGF mean 3.7pgmr 1 , IL-8 mean 
17.1 pgml~ 1 ) compared with controls (VEGF mean 
5.0pgmr 1 , IL-8 mean 25.6pgmr 1 ) (f-ratio= -3.76, 
P= 0.0004; f-ratio= -5.82, P< 0.0001, both adjusted for 
age) (Figure 1, 2). CSF VEGF levels showed a significant 
negative correlation with depression severity as measured 
with the MADRS (r= - 0.31 ; P= 0.049). Correlation analysis 
between CSF IL-8 levels and MADRS was not significant 
(r= -0.13, P=0.40). 

In suicide attempters VEGF showed a trend for positive 
correlation with IL-8 levels (r=0.29, P= 0.066). Interestingly, 
the levels of CSF VEGF and IL-8 did not correlate with 
plasma levels of VEGF and IL-8 in suicide attempters 
(Spearman's rho = 0.04, P=0.80; Spearman's rho = 0.06, 
P=0.70). CSF IL-6 levels did not differ in suicide attempters 
(mean 1.1pgml~ 1 ) compared with controls (0.9pgml~ 1 ) 
(f-ratio = 0.91 , P= 0.37, adjusted for age). 
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Figure 1 VEGF concentrations in CSF of suicide attempters vs. healthy con- 
trols, measured with an MSD immunoassay. Horizontal lines indicate mean concen- 
trations and standard error of mean (SEM). VEGF levels are significantly decreased 
compared to healthy controls. (**p<0.01). 
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Figure 2 IL-8 concentrations in CSF of suicide attempters vs. healthy controls, 
measured with an MSD immunoassay. Horizontal lines indicate mean concentra- 
tions and standard error of mean (SEM). IL-8 levels are significantly decreased 
compared to healthy controls. (***p< 0.001). 



Discussion 

To the best of our knowledge, this is the first study to report 
lower CSF VEGF and IL-8 levels in suicide attempters. The 
suicide attempters with the highest depression scores as 
measured on MADRS, had the lowest levels of VEGF. Our 
finding suggests that downregulated VEGF and IL-8 levels 
could be involved in the pathophysiology underlying suicidal 
behavior and depression. In a previous study, we have 
reported that low plasma levels of VEGF were associated with 
suicide risk in suicide attempters. 10 

VEGF has been increasingly appreciated as a neurotrophic 
factor. It has pleiotropic properties, and apart from being 
a vital angiogenic factor, it is having a role in regulating 
neurogenesis and synaptogenesis, but also regulating glia, in 
the adult brain. 12,13 Dysregulated VEGF levels have 
previously been implicated in several neurodegenerative 
disorders, such as Alzheimer, amyotrophic lateral sclerosis 
and multiple sclerosis. 14 

There are several animal studies suggesting that VEGF 
mediates the biological effect of common antidepressants, 
such as fluoxetine and lamotrigine. 15-17 In addition, there are 
animal studies showing that VEGF could mediate the effect of 
electroconvulsive seizures. 15,18,19 These effects are believed 
to be mediated via the main brain receptor for VEGF action, 
the flk-1 receptor. VEGF is also believed to be having a part in 
the antidepressive effect that is seen as an effect of regular 
physical exercise. 20 There are reports that have shown a 
downregulation of VEGF in response to stress or corticoster- 
oids, putatively putting VEGF in context of the diathesis- 
stress model for depression. 21,22 

There are several clinical studies on the role of VEGF in 
depressive patients. Most studies have been small, with 
mixed patient populations and the results have been incon- 
sistent or negative. 23 " 26 There are several known functional 
single-nucleotide polymorphisms for the VEGF gene, as well 



as known promoter regions, such as the hypoxia inducible 
factor (HIF-1 ) 27 In a recent study, VEGF has been suggested 
as a biomarker for more severe depressive states, and 
possibly for treatment resistance, as shown in a genetic 
association study to the VEGF gene. 28 

Interestingly, the levels of CSF VEGF and IL-8 did not 
correlate with plasma levels of VEGF and IL-8 in suicide 
attempters. VEGF is known to regulate blood-brain barrier 
(BBB) permeability in certain acute conditions. 12,29,30 How- 
ever, we are not aware of any experimental data suggesting 
that VEGF can tune permeability across the largely intact 
BBB, such as in depression. Lack of correlation between 
blood and CSF levels may therefore reflect differences in local 
production of VEGF rather than a dysfunctional BBB. 
However, it is still possible that this may have more subtle 
effects on BBB function in relevant brain regions. 

IL-8 is important in neuroprotection and innate immunity. 31 
A few reports have linked IL-8 to neuropsychiatric disor- 
ders. 31,32 In a recent study, CSF IL-8 levels did not differ 
between suicide attempters and controls, whereas CSF IL-6 
levels were higher in suicide attempters. 5 In our study, a 
higher proportion of suicide attempters fulfilled criteria for 
depression, which may partly explain these differences. The 
CSF level of IL-8 was higher than that of IL-6 with less within- 
group variation, which likely affects the possibility to detect 
significant between group differences of the latter. However, 
our study also lacked a female control group, which is a 
limitation, and must be taken into account when comparing 
these two studies. One study has reported lower serum levels 
of IL-8 in a long-term follow-up study of depressive patients 
compared with controls. 31 

Some limitations should also be pointed out, particularly the 
fact that the groups were not age and gender matched. 
However, even though not optimal, when we used both age 
and gender as covariates in the regression model, patients 
had significantly lower CSF VEGF levels. As VEGF is difficult 
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to measure in the CSF and the levels found here were close to 
the detection limit of the assay, our findings should be 
interpreted with caution until replicated. 

To summarize, low CSF levels of VEGF may represent a 
lack of trophic support to neurons and downregulation of 
neurogenesis in important regions such as the hippocampus. 
Low CSF VEGF and IL-8 levels in suicide attempters may be 
associated with an impaired innate immunity and as a 
consequence dysregulation of neuroprotection adding to the 
hypothesis of depression being an inflammatory disorder. 33 ' 34 
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